In this study we examined the photo-degradation efficiency of CoS 
Introduction
ccording to one annual global report, a large amount of different dyes, such as acid, reactive, disperse, metal complex, mordant, direct, basic and sulphur dyes, are used for industrial purposes. Among these, azo dyes (having an azo group consisting of two nitrogen atoms (-N=N-) are largely used in the textile and other different industries.
)
Reactive Black B (RBB) is widely used for industrial purposes and capable of causinge some serious problems for aquatic and human life. These issues have led to new regulationsconcerning colored wastewater discharge as well as to the development of more efficient treatment technologies.
Up to now, these different strategies involve dye removal form from water, i.e. biodegrading, coagulation, the advanced oxidation process and the membrane process.
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All the aforementioned techniques have certain advantages and disadvantages vis a vis other techniques. Therefore, convenient techniques are required for the degradation of dye from water. Recently, there has been a focus on semiconductor photo catalysis in the removal of dyes from wastewater, particularly, because of the ability of this method to completely mineralize the target pollutants.
)
Heterogeneous photocatalysis involves different fields of science. Physical, chemical, and biological engineering, along with various different approaches such as using photoelectrochemical cells in aqueous or organic solvents, have also been widely investigated for conversion of light to electricity.
Chemical photosynthesis and fuel production are other important applications of heterogeneous photocatalytic systems.
Various semiconductor materials such as TiO 2 , ZnO, and CdS have been consistently used for their catalytic degradation to resolve environmental pollution problems. However, the practical applications of TiO 2 are limited due to this material's high recombination rate of photo induced charge carriers and high band gap energy. Among various semiconductor nanocrystals, those with small band gap such as transition metal dichalcogenide compounds, and MX
2
(M = Mn, Fe, Co, Ni; X = S, Se, Te), are interesting for fundamental research due to their unique magnetic and electronic properties. Among these compounds, cobalt sulfide (CoS 2 ) is a favorable candidate for the degradation of pollutants and/or the production of photocatalytic hydrogen, due to its low band gap and high utilization efficiency. 1 6 ) Similarly, the addition of a carbon nanostructure such as carbon nanotubes or graphene components to a coupled semiconductor may also enhance overall activity. Many strategies have been developed to combined graphene and other photocatalysts in binary or ternary forms.
Graphene plays a crucial role in the photocatalysis filed: graphene-based materials have been broadly studied due to their unique properties (e.g. high thermal conductivity ≈ 5000 Wm . These noteworthy properties enhance the charge transfer separation of the electrons and holes. These photogenerated holes and electrons play important roles in photocatalytic degradation.
In this paper, we prepare a CoS composites was purchased as reagent-grade from Acros Organics, USA. RBB, purchased from Texchem Korea Co. Ltd, was used as a standard industrial dye. All chemicals were used without further purification. All dilutions were carried out using distilled water. 
Synthesis of CoS

Characterization
XRD (Shimadzu XD-D1, Uki, Kumamoto, Japan) with monochromatic high-intensity CuKa radiation (λ = 1.5406 Å) was used to determine the crystallinity of the composite. SEM (JSM-5600, JEOL Ltd., Tokyo, Japan) was used to examine the surface morphology of the CoS 2 -G-TiO 2 nanocomposite. Transmission electron microscopy (TEM, JEOL, JEM-2010, Japan) was used to investigate the state and particle size of the prepared composite, and Raman spectra of the prepared samples were obtained using a spectrometer (Jasco NRS-3100) with an excitation laser wavelength of 532.06 nm. The photocatalytic performance of the prepared samples was investigated by absorbance spectrometry obtained using a UV/Vis spectrophotometer (Optizen POP, Mecasys, Korea).
Photocatalytic degradation experiment of Reactive Black B (RBB)
The adsorption and photocatalytic performance of the asprepared CoS mol/L). In order to reach adsorption-desorption equilibrium, the solution was kept in the dark for 30 min. Then, a 10 ml sample was collected from the solution and put in a centrifuge at 10,000 rpm for the elimination of solid materials. After that, the light source was turned on. Samples were collected every 30 min and then centrifuged for 10 min to remove any suspended solid. To compare their catalytic efficiencies, all samples were irradiated for 180 min.
Results and Discussion
The structural properties of the fast microwave-assisted technique method synthesized CoS by XRD analysis (Fig. 1) . The characteristic peaks of CoS structure broken off in different directions. In Fig. 2(a) , the CoS 2 particles are the main particles and are uniformly dispersed on the graphene sheet. Fig. 2(b) indicates that the TiO 2 was ruggedly distributed on the graphene sheet. In Fig. 2(c) , it can be seen that the TiO For the microscopic structural information we used TEM. Fig. 3(a-c) The G band is associated with the doubly degenerate (iTO and LO) phonon mode (E 2 g symmetry) at the Brillouin zone center. In fact, the G-band is the only band in graphene coming from a normal first order Raman scattering process. The CoS The photocatalytic performance of the CoS
nanocomposites in terms of photo degradation of RBB under visible light irradiation was investigated. Fig. 5(a-e) shows the UV-visible absorption spectra of the RBB solution after visible light irradiation of different intervals of time using the TiO nanocomposites. Due to visible light irradiation, the dye concentration constantly decreased with the passage of time. The two main steps involved in the photocatalytic decomposition of the dyes were, (1) the adsorption of dye molecules and (2) the degradation of the dye molecules. After corrective adsorption in the dark for 30 min with magnetic stirring, the samples reached adsorption-desorption equilibrium, and different composites showed different physical adsorption effects, This may lead to the possibility of enhancing the photocatalytic degradation efficiency. Kinetic studies have observed the basis of the degradation rate of the dye. This is formulated by the Langmuir-Hinshelwood model, as shown in Fig.  5 (e) and calculated using the following equation.
where Co = C = initial concentration and K = Pseudo 1 s t order kinetic constant. In the graphical plot in Fig. 5(e) , the slope of the linear plots should be equal to the apparent first order rate constant (K a p p ). Fig. 5(e) shows that the RBB degradation constant rate of the CoS 
Conclusions
In present work, we successfully synthesized a CoS 
